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WITHDOUBIE-CIRCUIAR-ARCAIRFOILBLADESECTIONS

I - Dl!HGN,OVER-U ~OE, ANDSTALLCHARACTERISTICS

By GeorgeW. Lswis,Jr.,~ancisC.Schwenk,andGeorgeK. Serovy

SUMMARY

An experimentaltransonicaxial-flow-compressorrotorwasdesigned,
constructed,andtestedto supplyexperimentalblade-elementdatafor
double-circular-arcairfoilsections.Therotorwasdesignedto operate

y at a correctedtipspeedof MOO feetpersecond,to obtainm average

8
total-pressureratioof1.34,andtopassa correctedspecificweight
flowof30.7poundsper secondpersqusrefootoffrontaLarea.The

. hub-tipradiusratioattherotorinletwas0.50. Thisreportpresents
therotordesignmethod,over-allperformancebasedonfixed-rakemeasure-
ments,andstallcharaoterlstics.

At designcorrectedtipspeed,a peakrotorefficiencyof 89per-
oentwasobtainedat a correctedspecificweightflowof30.5poundsP*
secondp= squarefootwithan averagerotortotal-pressureratioof
1.41.At speedslessthandesfgnjthepeakrotorefficiencywasabout
92percent;whereas,thepeakeffIcienoyfor106.4-peroentdesignspeed
wasabout87p=cent.

Rotating-stallatisurgecbaracteristicswereobservedindetailat
60‘percentofdesignspeedforbothdecreasingandincreasingweight
flows. Forthiscompressorrotor,rotating-stallzones(2and3 innum-
ber)anda surgeconditionwerenoted.

INTRODUCTION

.

.

Ithasbeenshowninreferences1 and2 thatthetransonicaxial-
flow-compressorinletstageis capableof operationathighweightflows
perunitfrontalareaandhighlevelsofpressureratiowithno sacrifice
in efficiencyoverconventionalsubsonic-compressorstages.Thetrau-
soniccompressorofreferences1 and3 usedan airfoilshapeattherotor
tip(highMachnumberregion)thatapproximateda double-circulsr-src
sectionbutdifferedsomewhatinmean-lineshapeandthicknessdistribu-
tion.Anotherinlet-stagerotor(ref.2)designedwithdouble-circular-
erc airfoilsalsoshowedgoodp=formanceinthetransonicregion(i.e.,

%.* ..49?HW



2

forMachnumbers
to indicatethat
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up to1.2).Sincetheavailableexperimentaldataseem
thedouble-circular-srcairfoilcanbeusedintransonic -

compremurs(uptoMachnumbersof1.2)withresultinghighefficiencies,
thedouble-ctrculsr-arcairfoilhasbeenchosenas a basictypein order
to siIuplifytheproblemsofcompressordesign.A recentanalytical.in-
vestigationreportedinreference4 showedthatcompressorairfoilsde-
signedto producea desirablechordwisevelocity(orloading)distribu-
tionme similartodouble-circulararcsforMaohnumbersbetween0.8
and1.2.

!I!heproblemofcscmpressordesigncanbe consideredto consistof
twophases:(1)thecomputationoftheradialdistributionofflow
propertiesenteringandleavingeachblsilerowand(2)theselectionof
theproperbladerowthatwillproducethedesiredflowconditions.The
radialvariationoftheflowpropertiesattheoutletofa compressor
bladerowcanbe ccmrputedby meansoftheradial-equilibriumconcept,
whiohincludestheeffectsofradialvariationof losses(refs.2 and3).
Consequently,gooddesigncontrolwilldependto someextenton a knowl-
edgeofthelossvariationattheoutlet ofthebladerows.

Thecompleteblsderowcanthenbe constructedby radiallystacking ●

bladesectionsselectedtoproducethedesiredoutletconditions.This
selectioncanbemadeonthebasisofblade-elementperformanceofthe
airfoilsectionstobe used.Reference5 givesa discussionofthenet- “
essaryblade-elementperformancepermnetersanddiscussestheimportance
ofhavingaccurateinformationinorderto designhtgh-pmformancecom-
pressorrotors.Unfortunately,llttleblade-elementdataforthedouble-
circular-arcairfoilisyetavailablefortherequiredrangeof soli.dL-
ties,staggerangles,andcsmbers.Reference3 pr-entamethodsand
significantparametersfordeterminingcascade-typeblade-elementdata
fromrotortests;and,inviewofthecriticalnatureofthedes3.gnof
transoniccompressors,itisdesirableto obtainthedouble-circular-
arcblade-elementdatainthismannw.

Therotordescribedinthisreportwasdesignedtithdouble-circular-
arcairfoilsectionsand,as such,representspartof a testprogram
initatedattheNACALewisltioratorytoprovideblade-elementdatafor
double-circular-srcairfoilsectionsthatwillbe a~plicableto thede-
signof transonicaxial-flow-compressorstages.Comparisonsbetweenthe
measuredrotor-outletconditionsandthosecomputedfromtheradial-
equilibriumequationwillgivea furtherinsightintotheproblemof
computingrotor-outletconditionsinthedesf.gncase.

Thecompressorrotorunderconsiderationwasdesignedfora total-
pressureratioof1.34ata correctedrotortipspeedof 1000feetper
secondwttha rotor-inlethub-tipradiusratioof0.50.Thedesign .
relativerotor-inletMachnwribersrsmgedbetween0.76atthehuband1.10
atthetip. Thedesigncorrectedspecificweightflowwas30.7pounds
per secondpersqusrefootoffrontalarea. ?

amm!m!m”
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Thispreliminaryreportprovidesadditionalover-allperformance
. characteristic=oftramonicaxial-flow-compressorinletstages.In-

cludedarethedesignprooedure,theover-tip~formanoeoftherotor
operatingat 60,60,90,~00,and106.4peroentofdesi~ speed,and
rotating-stalldata.

SYMSOLS

Thefollowingsymbolsareusedinthisreport.A diagramillustrat-
ingtheair~ bladeanglesandthevelocitiesispresentedinfigure1
todefinesomeofthesymbolsmorecompletely.

.
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compressorfrontalareabasedonrotortipdiemeter,sqft

vi
cliffusionfactor,D = 1 - ~+

incidenceangle,anglebetweeninletrelativeair-velocityvector
ad tangenttoblademeanline

Machnumber

rotationalspeedofrotor,rps

totalpressure,lb/sqft

at leadingedge,deg

radiusmeasuredfromaxisofrotationjin.

bladespeed,ft/sec

airvelocity,ft/see

airweightflow,lb/see

air-flowanglemeasuredfromsxisofrotation,deg

ratioof specificheats,1.40

bladeangle;directionoftangenttoblademew camberlineac
leadingortrailingedgemeasuredfromaxisofrotation,deg

ratioof inlettotalpressuretoNACAstand=dtotalpressure,
Plf2117

deviationangle,anglebetweenoutletrelativeair-velocityvector
andtangenttoblademeanlineattrollingedge,deg
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~ adiabatictemperature-riseefficiency

e
.

ratioof inlettotaltemperaturetoNACAstsndsrdtemperature,
T~518.6

u solidity,ratioofbladechordmeasuredalongstreamlineto average
bladespacing

Subscripts:

m

t

z

e
1
2

3

4

5

6

meanradius

tipofrotor

axialdirection

tangentialdirection

depressiontank

upstreamofrotor,locationof inletstatic-pressurerske

rotorinlet

rotor-outletsurveystation

statoroutlet

compressoroutlet,discharge

superscript:

measuringstation

t denotesconditionsrelativeto a

COMPBXSSOR

Velocity-Diagrsm

bladerow

DESIGN

Calculations

Inthedesignofthistrsnsonicaxial-flow-compressorrotor,no
atten@wasmadetomaximizethevaluesoftotal-pressureratioor cor-
rectedspecificweightflow,sincethistestprogrsmwasinitiatedto
determinetheblade-elementperformancefora compressoroperatingin a
rsmgecurrentlyofinterest.Althoughonlytherotorwasconstructed
andtested,thedesigncalculationswereconductedfora complete
tr~sonic-compressorinletstage(includingrotorandstator%laderows)
fromwhichtheairdischargesaxially.

.

.—

.

—

.
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A 14-inchtipdismeteris usedinthisdesign.Thedesigncorrected
rotortipspeedwasselectedin therangeof valuesusedforconventional
multistageaxial-flowcompressorsandwassetat1000feetp= second.
No inletguidevaneswereusedjsnda conventionalvalueof0.60was
chosenfortheinletabsoluteMachnumber,whichproducesa corrected
weightflowpersqusrefootoffrontalmea of30.7poundspersecond
foran inlethub-tipradiusratioof0.50sndan assumedradiallycon-
stsntinletabsoluteMachnumber.A blockagefactor(ratioof actual
weightflowto idealweightflow)of0.985wasassumedattherotorinlet
to accountFortheannulusareareductionoausedby boththeinnerand
interwallboundarylay=s. Theresultingrotor-inlet relative Machnnm-
b= was1.10atthetip,whichiswithintherangeofMachnumbersfor
whichexperienceshowsnoresultingsacrificein efficiencylevel.

A radiallyconstantworkinputwaschosen,amithestagetotal-
pressureratiowassetat1.33,a valuewhichwouldresultina lowrotor
tipdiffusionfactorD. !Thistotal-pressure-ratiolevelissomewhat
lowerthanthatreportedforthetransoniccompressorofreferences1 ad
3,whichproduceda relativelylargeradialgradientintotalenergyat
therotoroutlet.In general,a higheraveragetota3-pressureratiocan
be obtai~edfora giventipdiffusionfactorbyusinga radiallyin-
creasingwork-inputgradientinsteadofa-constantenergyaddition.

As a resultoftheconservativetitureofthedesign,a stageadi-
abaticefficiencyof 0.90anda rotoradiabaticefficiencyof 0.93were
assumed. Theefficiencieswereco~ideredradiSllYoonstant;conse-
quently,applicationofthesimple-radial-equilibriumconceptproduced
radiallyconstantaxialvelocitiesat therotor-andstator-outletsta-
tions.Thecomputedrotortotal-pressureratiowas1.34.

Finally,thedesignwascompletedwiththeestablishmentoftheh@
contour.Thestator-outlethubradiuswascomputedto satisfycontinuity
ofweightflawby assuminga stator-outletvelocityof 650feetpersec-
ond(axialindirection)anda wallboundary-layerblockagefactorof
0.94.Thehtiradiusattherotoroutletwasdeterminedby fairinga
smoothcurvebetweentheinlethubandthestator-outletstationas shown
infigure2. Thisprocedurerequiredanestimationoftheaxialchords
ofbothrotorandstatorbladerowsandthespacingbetweentherows.
Rotor-outletconditionswerethencomputedwitha wallboundary-layer
blockagefactorof 0.95.

Therotorvelocitydiagrsmswerecalculatedforassumedstreamlines
thatpassthroughequal-percentagersdialincrementsofthepassageheight
ateachaxialstation.Thedesignvectordiagramsforthetip,mean,and
hubstreamlinessregiveninfigure3.

.

.
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BladeSelection

Thecompleterotorbladerowwasdesignedby selectingdouble-
circular-arcairfoilsectionstoproducethedesignflowconditions
&longtheassumedstreamlinesonthebasisofdataon incidenceangle 1
anddetiationsingle8° inreference3. Thedesignincidence~les i
vsrtedlinearlyfrcm3° atthetipto 4° atthehub. Valuesfordevia-
tionangles5° weresetat8° atthetipsadlo”atthehub. A sub-
sequentcheckrevealedthatthesevaluesassumedfordeviationangles
aretoohigh. [Carter’srule(ref.7)indicatesthatbett~ valuesfor
deviationanglewouldbe 3°atthetipand6°atthehuboftherotor.]
Morereoentconsiderationsofdesigndeviationanglesforcircular-arc
airfoilsaregivenInreference5.

A solidity0 of1.0wasselectedforthetipoftherotor,and19
bladeswerethenrequiredfora 14-inch-tip-diemeterrotorto givea tip
chordlengthof2.32inches.Thesolidityu atthehuboftherotor
wassetat approximately1.70,whichrequiresa chordlengthof2.09
inches.Thechordlengthwasvarieduniformlyalongthespan.

Themaximumthicknessofthetipsirfoilsectionwas5 percentof
theChordjandthicknesswasincreasedh~erbolicalssl.ongthebladeto

.

sn8-percentmaximumthicknessforthehubairfoilsection.Chszlnelflow
calculationsfora stresmf.ilsmentalongthehubindicatedthata choking #
conditionshouldnotoccuratthedesignpoint.Leading-endtrailing-
edgeradiiof 0.0U5inchwereusedforallsections.

TableI showsthedesignandmeasuredbladegeometryforsections
~ong ass-d streamlines.Itmaybe notedthatsomedifferencesbetween
thedesignandmeasuredbladeanglesdo exist.Figure4 isa photograph
ofthe19-liladerotor.

Theinstallation
Powerwassuppliedto

APPARATUSANDPROCEDURE
CompressorImtallation

forthisrotortestisdescribedinreference2.
thecompressorby a 1500-horsepowerdynamometer

througha speed-increasinggearbox.Roomairwasdrawnthrougha thin-
platesharp-edgedorificeintoau orificetankandthenpassedintoa
depressiontankandintothecompressorthrougha bellmouthatthe
depression-tezikexit(fig.2). Thesirpassedfromthecompressorinto
a collectorsadwasdischargedintothelabo~atoryaltitudeexhaust
system.

‘

.
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Instrumentation.

Airflowthroughthecompressorwasmeasuredby meansof a sharp.
edgedthin-plateorifice.Pressuredrop-a’crosstheorificewasindicated
on a micromanometer,andtheorificetemperaturewasmeasuredby four
iron-constsntanthermocouples.

Thelocationof theinstrumentationinthetestrigis shownin
figure2. Station1 islocatedinthedepressiontank. Stations2 and
3 are1.195end0.125inchesupstreamoftherotordisk,respectively.
Stations4,5, and6 arelocateddownstreamoftherotor0.50,3.00,and
6.18inches,respectively.At stations2, 3,4,5, and~, ~ourstatic
tapswerelocatedonboththeouteraddinnerwallswithapproximately
equalcircumferentialspacing.

Depression-tank(inlet)temperaturemeasurementsweremadewith
20 iron-constantanthermocouples,foureachatsreacentersoffive
equalsanulsxareas.Depression-tanktotalor stagnationpressurewas
obtainedfromfiveprobeslocatedatthesameradiiasthetemperature
probes.

A five-tuberadialL static-pressurerake(fig.5(a))wasinstalled
upstreamoftherotorat station2 todeterminetheradialvariationof.
staticpre5sureoThetubesontherakewerespacedtodividethepassage
heightintoegual-p~centageradialincrementsandweresetparallelto
asswu~streamlinesinthecontractinginletpassage.Thestatic-
pressurereadingswerecorrectedforlocal.Machnumbereffects.Total-
pressurerakes(fig.5(b))werealsolocatedatstation2 tomeasure
variationsneartheinnerandcuterwalls.

Rotor-outletconditionsweredet~ned fromradialsurveysof
staticpressure,totalpressurejtotaltemperatureandflowmgle,
taken1/2inchdownstreamoftherotor(station4). Theradialvsria-
tionofrotor-outletstaticpressurewassensedbyaL-head Prsndtl
tubehavingtwostatic-pressureorificesmanifoldedtogether(fig.5(c)).
Angle-sensingtubesweremountedontheL-headstatictubeto directthe
probeintotheflow. Static-pressurereadingswerecorrectedforlocal
Machnunibereffects.Total-pressure,total-temperature,andflow-angle
surveysweremadewiththeconibinationc~w, total-pressure,andtotal-
temperatureprobeshowninfigure5(d). Thetwotemp=aturereadings
takenon eachcombinationprobewereaveragedateachradialposition
andcorrectedforlocalMachnumbereffects.

Outletconditionsforcomputingover-allrotorperformancewerede-
terminedfrompressuresandtemperaturesmeasuredat station6 by fourra-
dialshieldedtotal-pressurerakes(fig.5(e))andfourradialspike-type
iron-constantanthermocouplerakes(fig.5(f))spacedequallyaroundthe
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circumferenceofthecasing.Thefivesensingelementsoneachofthe
rakeswerelocatedat centersoffiveequalsnnularareas.Thetemper-
aturerakeswerecalibratedinan openjetcalibrationtunnelforangle
andMachnumbercorrections.Thetemperatureandpressurerakeswere
setat anaveragerotor-dischsxgeanglefortherangeof conditions
tested.Thecorrectionsduetopitchandyawanglesencounteredin
thesetestsweresmall;hence,no singleconfectionswereappliedto the
temperaturereadings.

Theflowfluctuationsofrotatingstallweredetectedmd measured
withconstant-temperaturehot-wireanemometers.The=eummeterprobes
weremadewith0.0002-inch-dismetertungstenwirewithaneffective
lengthof 0.08inch.Observationsweremadewitha dual-beamoscillo-
scope.Theauxiliaryequipmentusedisthatdiscussedinreference8.

Twohot-wire-anemometerprobeswereinstalledinradiallytransvers-
ingmechanismsabout1/2inchdownstreamoftherotor(station4,fig.
2). Foursurveylocationsonthecircumferencewereusedto varythe
anglebetweenthetwoprobestopermitthedeterminationofthenumber
of stallzones(ref.9).

Over-AllPerformanceTests

Theover-allperformanceofthisrotorwasobtainedfora rsngeof
weightflowsateachof thefollowingcorrectedtipspeeds:6(X),803,
900,1000,and1064feetpersecond.Themaximumweightflowat each
speedwaslimitedby a chokingconditionintherotoror+rigpiping.
Thelowestweightflowtestedateachspeedwasslightlygreaterthea
theweightflowatwhichitwasimpossibleto readthepressuresand
temperaturesbecauseofunsteadinessofthereadings.

Thedepression-tankpressurewasmaintainedconstsmtat24 inches
ofmercuryabsolutely var~nga butterflycontrolvalveupstresmofthe
inlettank. Thedepression-tsmktemperaturevariedfrom63°to83°F,
dependingonthesmbientconditionsintheroom. Theblade-chordReynolds
numberat designspeedwasapproximately920,000forthetipoftherotor.

Thedatameasuredby thefixedrskeslocatedat station6 were
numericallyaveragedin computingtheaverageover-allperformance.

Rotating-StallCharacteristics

—

Aftertheov=?-allrotorperformancedatahadbeenobtained,hot-
wireanemometerswereemployedto investigatethestallpatternsbehind
therotorfor60-percentspeed.Thisspeedwasselectedbecause

t

rotating-stallcharacteristicssxemostimportsntatthelowerspeeds
.——
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formultistage-c~ressor applications.Thestallpatternswereob.
● servedorphotographedfroma dual-hemcathode-rayoscilloscopeforboth

increasinganddecreasingweightflow. Thenumberofrotating-stall
regionswasdeterminedby employingthecalculationprocedureofref-
erence9.

REWIITSANDDISCUSSION

Over-AllPerformance

Theaverageover-~ Perfo~ce ofthetransonic-compressorrotor
asmeasured6.18inchesdownstremofrotor(station6) isgivenin
fi
r

e 6 asplotsof adiabaticefficiencyq andtotal-pressmeratio
P Pl againstcorrectedspecificweightflow W@/~. At designspeed

(1000ft/see,fig.6(d)),themeasuredpeakover-allefficiencywas0.89
at a total-pressureratioof1.41anda correctedspecificweightflowof
30.5poundsperse$ondpersquarefoot(veryclosetodesignvalueof

y 30.7).Theefficiencylevelofthisrotorasdeterminedfroma numericsl
8 averageofthefixed-rakedataisabout0.03luwerthanthemass-averaged

efficiencyofthetransonicrotorofreference3. Thisdifferenceis
probablydueprimarilytothedifferentaveragingmethmisemployedard
notto anydeficiencyintheaerodynamicperformanceofthedouble-
circular-srcbladeelements.Unpublishedresultsof a preliminaryde-
tailedsurveyindicatethatthedesign-speedmass-averagedefficiencies
willbe higherthanthevaluesgivenonfigure6. At correctedtip
speedslowerthandesign(figs.6(a)to (c)),thepeakefficiencieswere
between0.82and0.93;however,thepeakefficiencyfortheoverspeed
data(fig.6(e))decreasedto a valueofabout0.86.Therotorex-
hiliteda wide,highlyefficientweight-flowoperatingrangeatthe
lowerspeeds.

Rotor-InletConditions

Theco~utationsof inletconditionsweremadewiththeabsolute
inletvelocityconsideredaxialindirection(noinletguidevanes).
Thestatic-pressurevariationalongtheradiusattherotorinlet(sta-
tion3)wasfairedbetweentheouterandinnerwallstatic-tapreadings
titha trendsimilarto thatrecordedfromtheinletstatic-pressure
rake(station2}. Theprocedurewasjustifiable,becausetherewasonly
a smalldifferencebetweenthestaticpressuresat stations2 and3.

Figure7(a)showsthevsriationofmeasuredinletabsoluteMach
numberwithradiusfora testpointclosetopeak-efficiencyoperation
atdesignspeed.It canbe seenthata radialvsriationoftheinlet
absoluteMachnumberdidexistcontrarytothedesignassumptionof a
constantvalue.Thegradientwascausedbytheeffectsofthecurvature
oftheinletbellmouth.

.

Theeffectof
numberis shownon

theinletgradientontherotor-inletrelativeMach
figure7(b),%heretheradialvariationofdesignMach
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numberis comp=edwiththemeasuredMachnumberdistributionforpeals-
efficiencyoperationatdesignspeed.Thereis littledifferencebetween s_
thetworelativeMachnumbersdueto thedifferencebetweenthedesign
andmeasuredrotor-inletabsoluteMachnumbers.

In orderto showamore importanteffectoftheinletabsoluteMach
numbergradient,thedesignandexperimentalincidenceanglesarecom-

-.

paredonfigure7(c). Inthisfigure,thedesignincidenceanglesare
basedonthemeasuredblsilesnglesandare,therefore,notequivalentto
thevaluesgiveninthesectiononBladeSelection.Figure7(c)shows EA
thatthedifferencebetweentheactualanddesigninletabsoluteMach m
numbervariationscauseda decreaseintheincidenceangleof1.2°at
thetipsndanincreaseof2.1°a%thehub. SincethehighMachnmiber
blade-elementperformancecharacteristicsare.sensitiveto incidence
angle(refs.3 aid5),itmaybe necessaryto accountforthepresence
of inletabsoluteMachnunibergradientswhendesigningtransonic
compressors.

Rotor-OutletConditions

Rotor-outletcondition~,measuredby s~veyinstrumentsat station
4, sregivenofifigure8 astheradialvariationsofrotortotal-pressure
ratioP4/P1~rotor-outletabsoluteair angle 134) and rotor-outlet
absoluteMachnumberM4. Theoutletconditionsgiveninfigure8 were
computedfrm datarecordednearthepeak-efficiencypointof operation
atdesignspeed.Thedesignconditionsarealsoshown.Thepressure-
ratiocurveindicatesthatthegreatestdeparturefromthedesign
pressure-ratioleveloccurredneartherotortip,wherethemeasured
rotortotal-pressureratioP4/P1 iS 1.46.As indicatedpreviously,
thedesignvaluesfordeviationanglewerechosentoohigh. Particularly
attherotortipsection,theeffectsoftheresultingoverturningof
theaironthepressureratiowillbe quitelargebecauseofthelsrge
blade-settinganglesandthehighbladespeed.Reference5 indicatesthe
sensitivityoftransonic-compressorperformanceto errorsindevi.ation-
angleselection.

Anotherconsequence.oftheoverturningwasthattheactualvaluefor
rotortipdiffusionfactorD (bladeloading)wasabout0.5at peakef-
ficiencyanddesignspeedInsteadofthe0.33valuedeterminedforthede-
signconditions.Fortheoverspeedtests,therotortipdiffusionfactor
wl.11increaseabovethatatdesignspeedandwillbe ina critical10EWW
range(ref.6). Consequently,it ispossiblethatthedecreaseinpeak
efficiencyat106.4-pmcentdesignspeedisdueto highblade-element
loadings.

●

.
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Rotating-stallandSurgeCharacteristics

Theobservationsmadewiththehot-tireanemometerssrepresented
toprovideinformationabouttherotating-stallcharacteristicsof
trsnsonic-compressorrotors.Figure9, a 60-percentidesign-speedper-
formancemsp,indicatestheoperatingrangesatwhichtheseveraldif-
ferentunsteadyflowphenomenawereobserved.Changesinthestall
characteristicsaredenotedontheperformancemapby lettersforboth
decreasingweightflows(beneathcurve)andincreasingweightflows
(abovecurve).

Withdecreasingweightflow,a rotortipseparation,asdistinguished
fromnormalbladewakes,wasobservedfirstatpointA. At thiscon-
dition,thesepsxationseemedto affectonly1/4inchofthespandown
fromtherotortip. Furtherdecreasesinweightflowcausedthetip
separationregionto enlargeuntiltheeffectedportioncoveredabout
1/2inchof thepassageheightatpointB.*

3 At theoperatingconditionsbetween~ointsB andC,threetipstall
y regionsrotatinginthedirectionofrotorrotationwereobserved.These
B stallswereofthepsrtial-spantypeandaffectedabout35percentofthe

passageheight.

BetweenpointsC andD, a flowphenomenonwasobservedduringwhich
thepulsationspickedupby twohot-wireanemometerswerealwaysinphase
regardlessoftherelativecircumferentialorradialpositionsofthe
twoprobes.Thisphenomenoncouldnot,therefore,be a periodicrotat-
ingstall,butmustbe ansxhl-f’lowpulsationor surge.Theobserved
frequencywas46 cyclespersecond.At thiscondition,thepulsations
wereobservedintheouter70percentoftheannulusheight.Pressure
fluctuationsofthessmefrequencyasthatnotedwiththehot-wireprobes
werealsoobtainedintheinlettsnkandcollectorby meansof sensitive
pressurepickupsduringthesurgecondition(CtoD infig.9).

AtpointD offigure9, a rotating-stallconditionwasagainpre-
sent.Twostallregions,coveringthecompletebladespanandrotating
inthedirectionofrotorrotation,existedfrompointD dowmtothe
lowestweightflowtested(pointE). Theflowfluctuationsweresmallest
nesrthehubandgreatestnesrthetip.

Thefollowingtablesummerizestheinformationobtednedwiththe
hot-wireanemometersata correctedrotorrotationalspeedof 164revo-
lutionsper second:
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Locationon Rotational Numberof Ratioof stallrota-
performanceSpeedOf stallregionstionalspeedtorotor
map,fig.9 stallregions, rotationalspeed

rps AbsoluteRelative
B-C
G-H1

134 3 0.816 0.184

D-E
E-F}

104 2 .634 .366

Thesmplitudeoftheflowfluctuationsobservedduringthetestsof
thisrotorwereofthessmemagnitudeasthosereported.inreference9.

SUMMARYOFRESULTS

Thefollowingpreliminaryresultswereobtainedfroman experimental
investigationof a trsnsonicaxial-flow-compressorrotordesignedand
testedto obtainblade-elementdataondouble-circular-srcairfoilsec-
tions.Thisrotorwasdesignedfora total-pressureratioof 1.34with
a designtiprelativeinletMachnumberof1.10at a correctedtipspeed
of1000feetpersecondandan inleth~-tipratioof0.5.

1.Peakefficiencyasdeterminedfromfixed-rakemeasurementsat
designspeedwas0.89ata correctedspecificweightflowof30.5pourids
persecondpersquarefootoffrontalareaandan averagetotal-pressure
ratioof1.410Teakefficiencyaveragedabout0.92~orlowerspeedsdown
to andi?icluding60percentofdesignspeed.Theabove-designtotal-
pressureratioresult~froman overturni.~-oftheair.

2. Forthistransonicrotor,a psrtial=spanrotatingstall,surge,
andfull-spanrotatingstallwereobservedastheweightflowwas
decreased.

.

.

.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Clevelatid,Ohio,December7, 1953
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TABLE1. -ROTORBIADE—ELEMENTGEDMETRY

Radius, Solidity, Bladeinlet Bladeoutlet
in. o ~le} r~j ~le~ T~~

inlet,Outlet, deg deg
r3 ‘4 DesignMeasuredDesignMeasured

7*OO 7.00 1.00 54.1 ;2.7 40.3 41.5

6.55 6.62 1.04 52.2 51.0 36.9 37.2

6.38 6.47 1.05 51.4 50-.2 35.5 35.6

5.80 5.97 1.M 48.6 47.6 30.3 30.0

5.22 5.47 1.19 45*5 44.7 23.7 23.7

4.63 4.97 1.28 42.0 41.5 15.9 16.7

4.05 4.47 1.41 38.0 37.6 6.2 8.3
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